Gastroenteropancreatic (GEP) neuroendocrine neoplasms (NEN) are classified based on morphology and graded based on their proliferation rate as either well-differentiated low-grade (G1 to G2) neuroendocrine tumors (NET) or poorly differentiated high-grade (G3) neuroendocrine carcinomas (NEC). Recently, a new subgroup of well-differentiated high-grade pancreatic tumors (NET G3) has been defined. The GEP NEN G3 group consisting of both NEC and NET G3 has recently been shown to be a quite heterogeneous patient group concerning prognosis and treatment benefit, depending on factors such as the primary tumor site, differentiation, proliferation rate, and molecular alterations. In this review we discuss the existing data on diagnostics, treatment, and biomarkers in this patient group, the unmet needs, and the future perspectives.
mors (NET) or poorly differentiated high-grade (G3) neuroendocrine carcinomas (NEC) by the WHO 2010 classification of tumors of the digestive system [1] . Recently, a new subgroup of well-differentiated high-grade pancreatic tumors (NET G3) has been defined [2] . Concerning the present WHO neuroendocrine nomenclature, tumor and well differentiated are equated regardless of the proliferation rate, just as carcinoma and poorly differentiated are equated. NET is therefore only used for well-differentiated tumors (G1 to G3), whereas NEC implies a poorly differentiated G3 carcinoma. The term NEN G3 covers all high-grade neuroendocrine malignancies (both NET G3 and NEC). The NEN G3 group has recently been shown to be a quite heterogeneous patient group concerning prognosis and treatment benefit, depending on factors such as the primary tumor site, differentiation, proliferation rate, and molecular alterations. Based on this new knowledge there is a huge unmet need for high-quality pathological and molecular classification that translates into better epidemiologic, clinical, and treatment characterization. Possible prognostic and predictive factors for patients with GEP NEC or NET G3 are highly needed by clinicians to aid in treatment selection for these patients. GEP NEC are usually highly aggressive, with a propensity for early metastases and a dismal prognosis [3] [4] [5] [6] [7] . Data on GEP NEC are sparse and treatment has been extrapolated from small-cell lung cancer data. Specific data on GEP NEC are now emerging and the new understanding has shown that this is a specific disease entity. There has been an increase in the incidence of GEP NEC over the last 2 decades, although more awareness of this entity among pathologists could partly explain this increase [3, [8] [9] [10] . NEC can originate anywhere in the GEP tract, but they are mainly located in the esophagus, stomach, pancreas, and large bowel [7, [11] [12] [13] [14] . Given their aggressive nature, most patients have metastatic disease at the time of presentation [5, 7, [13] [14] [15] . In general, high-quality epidemiological data on NEC are lacking, especially as data on differentiation and proliferation rates to ensure a correct diagnosis are often not available in registries. In the SEER database the median survival is 34 months with localized disease, 14-16 months with regional disease, and 5 months with distant disease, but it varies by primary site [4, 14] . Long-term relapse-free survival is possible among NEC patients with localized disease and seems to depend on the primary site location, but inaccurate TNM classification precludes firm conclusions [14, 16] . The mean survival in GEP NEC patients with metastatic disease treated with chemotherapy is 11-12 months [5, 7, 11, 12] . A poor performance status, a high tumor burden, liver metastases, a high proliferation rate, and elevated lactate dehydrogenase levels are usually baseline negative prognostic factors for survival in metastatic disease [7, [11] [12] [13] 17] . Data on the NET G3 subgroup are extremely scarce. NET G3 constitute about 15-20% of the NEN G3 group, are mainly located in the pancreas, and have a better prognosis than NEC [2, 5, 13, 18, 19] . Their relevance outside of the pancreas remains to be studied. A detailed agreement on how to identify and classify NET G3 will be an important step, and reclassification will probably be needed for many cases after such a standardization of diagnostic criteria.
Diagnostics
The optimal pathologic classification of GEP NEN G3 remains controversial and recent retrospective studies suggest that they include different morphological, molecular, clinical, and prognostic entities [13, [20] [21] [22] [23] [24] . In the WHO 2010 classification of the digestive system and the 2017 classification of endocrine tumors (including pancreatic NEN), NEN G3 are defined as neoplasms with a high proliferation rate (Ki-67 index > 20% or > 20 mitotic figures/2 mm 2 ) but frequently the Ki-67 index is above 70% for NEC [1, 2, 5, 7, 17] . Most studies have shown that a higher Ki-67 proliferation rate is a worse prognostic factor and may be predictive of treatment benefit, although further validation of this is necessary [5, 7, 11, 13, 17, [25] [26] [27] . The specific Ki-67 value should therefore always be provided in pathology reports as an absolute measure of the hot spot, i.e., the area with the highest score and possibly complemented by recording heterogeneity [28] . The ENETS classification system has been formally validated in prognostic studies; however, the validation is only for its prognostic relevance, not to optimally stratify therapy. The diagnosis requires histologic examination with immunohistochemical staining for markers of neuroendocrine differentiation. Synaptophysin staining is usually positive, whereas chromogranin A may be negative [1, 2, 7] . NEC encompasses 2 pathological entities: small-cell and large-cell carcinoma. There is a small-cell histological preponderance in the squamous cell parts (esophagus and anus) and a large-cell carcinoma in the glandular parts [14] . Small-cell carcinoma was the first category described in both the lungs and the GEP tract, and for this reason most of the published literature is focused on small-cell carcinoma. The classic description of small-and large-cell NEC does not perfectly translate to the GEP tract [29, 30] . At this time the clinical rel-evance of a distinction between small-cell and large-cell NEC is uncertain, and future clinical and molecular studies are awaited as results may reveal differences that are relevant for treatment and prognosis. 18 FDG-PET/CT is usually positive in NEC and could be of prognostic value based on SUV max values [31] . The relevance of somatostatin receptor imaging (SRI) in NEC patients is uncertain, but it is negative in the majority of patients, and 18 FDG PET/CT has a much higher sensitivity than 68 Ga-PET in NEC [32] . Functional imaging may have a future role in characterization of G3 neoplasms, especially when the sample biopsy is limited. NEC may contain different neoplastic components. If the neoplasm consists of a neuroendocrine component and a gland-forming component, both exceeding 30%, the new 2017 WHO classification defines it as a mixed neuroendocrine-non-NEN (MiNEN), replacing the previously term MANEC (mixed adenoneuroendocrine carcinoma) at least in the pancreas [2, 33] . At present, high-grade MiNEN are treated similarly to pure NEC as studies are lacking to compare outcomes and the natural history of the disease appears to be determined by the NEC component [34] . Studies are awaited for optimal definition, characterization, and management of MiNEN. This encompasses the significance of the relative proportions of the mixed components as well as of molecular commonalities or differences of these components.
The terms high-grade NEN and poorly differentiated neuroendocrine carcinoma have been used synonymously. While all poorly differentiated neuroendocrine cancers have a high proliferation rate, not all NEN with a proliferation rate above 20% are poorly differentiated. A subset of patients with large-cell NEN that appear histologically well differentiated have a Ki-67 > 20%, usually in the range of 20-50% [5, 18, 35, 36] . High-grade neoplasms (Ki-67 > 20%) with a well differentiated morphology are now defined as NET G3 in the 2017 WHO classification for NEN of the pancreas [2, 19] . The majority of these tumors are indeed located in the pancreas. Few data are available to assess the true incidence of NET G3 relative to poorly differentiated NEC, but they seem to constitute about 15-20% of high-grade NEN [5, 13, 37] . The survival of patients with NET G3 is significantly better than that of patients with NEC [5, 13, 18, 35] . Morphological classification based on differentiation is, however, at present challenging. In a highly specialized NET center, NET pathologists only achieved diagnostic consensus in one third (11/33) of pancreatic G3 cases during a morphological review assessment and 61% of the cases were regarded as ambiguous [38] . A pathological standardization of how to define NET G3 is needed. Molecular genetic markers such as DAXX, ATRX, and MEN1 mutations in NET G3 and Rb1 and TP53 alterations in NEC G3 may aid diagnosis [23, 36, 38] . There are several ongoing efforts to define better and obtain more data on NET G3. It may be clinically relevant to perform SRI in NET G3 or if Ki-67 is below 55% as peptide receptor radionucleotide therapy (PRRT) could be a possible treatment option for selected patients [39] .
Therapeutics
Due to a lack of data, much of the treatment algorithm for NEC has been based on small-cell lung cancer data. For the new subgroup NET G3 even less data are available. Treatment of NEC is a challenge for clinicians as NEC are characterized by a high proclivity for metastatic dissemination even in patients with clinically localized primaries. Extensive NEC disease is almost invariably treated with systemic chemotherapy. In contrast, the optimal therapy for localized disease, a potentially curable condition, is presently neither consistent nor uniform.
Surgery
The treatment recommendations for patients with apparently localized disease are not based on prospective data, and supporting evidence from heterogeneous retrospective studies is limited. There is expert consensus that surgery alone is rarely curative and that patients with limited disease should probably receive multimodality based treatment. Surgery as part of the treatment can be curative in patients with localized disease even with regional lymph node disease; however, the data often does not distinguish between NET G3 and NEC [8, 9, [40] [41] [42] [43] [44] . The 5-year survival for localized disease depends on the primary site; for colorectal, stomach, and pancreas primaries the 5-year survival is 40-50%, but it is less for anal (15%) and esophageal (25%) primaries [14] . For regional disease the 5-year survival varies from 27-29% in the pancreas and colon to only 9% in esophageal primaries [14] . Surgery as part of the treatment should therefore be considered for all localized and regional GEP NEC patients with exceptions for esophageal primaries. Several small series confirm poor results after surgical treatment of esophageal NEC, especially for stage III disease where chemoradiation seems better [45, 46] . The optimal therapy for localized disease, particularly in older patients with important comorbidities, remains an unanswered question. Metastatic surgery for GEP NEC is not recommended, but published data are scarce [47] [48] [49] [50] . A recent retrospective study indicates that some highly selected patients may benefit from liver surgery [51] .
Data on surgery specifically for NET G3 are scarce. NET G3 patients should probably receive the same approach to surgery of the primary and metastatic disease as patients with NET G2 [19, 41] . Prospective data on surgery from good-quality registries based on an updated pathology classification and with modern radiologic staging are necessary to decide the benefit of primary resection according to stage and primary site and to further investigate the possible benefit of metastatic surgery.
Adjuvant Chemotherapy
The aggressive behavior of GEP NEC warrants consideration of adjuvant therapy after radical resection, although there are no studies examining postoperative chemotherapy. For resected patients adjuvant therapy with 4-6 cycles of cisplatin/carboplatin and etoposide is generally recommended [6, 49, 52] . A neoadjuvant approach before surgery can be considered although data are lacking. A prospective phase III study concerning the benefit of adjuvant chemotherapy would be of great interest; however, such a study will be difficult to perform due to the number of patients generally needed in adjuvant studies.
A new question is whether NET G3 patients should receive adjuvant chemotherapy or be treated as NET G2 patients without any adjuvant therapy [19] .
Palliative Chemotherapy
Metastatic GEP NEC is an aggressive disease where rapid referral to an oncologist is necessary to consider a rapid initiation of systemic treatment before the performance status deteriorates to the extent that the patient is no longer fit enough to receive chemotherapy. After the diagnosis of advanced disease, the median survival in the Nordic series was only 1 month in patients not receiving chemotherapy compared to 11-14 months in patients given palliative chemotherapy, suggesting that the benefit of palliative chemotherapy is probably substantial [11] . Metastatic GEP NEC is responsive to systemic chemotherapy, but virtually all patients eventually progress and die of their disease. The available data on outcomes from palliative chemotherapy are from retrospective data. Most guidelines advocate the use of platinumbased chemotherapy combined with etoposide as firstline palliative chemotherapy [6, 49, 52, 53] . The optimal duration of such treatment has not been established.
NEC have an intermediate to high response rate and often an acceptable efficacy-toxicity ratio to platinumbased therapy.
Recent results have questioned the benefit of this platinum-based therapy in low-range Ki-67 patients. NET G3 have a low response rate to cisplatin/etoposide and an unfavorable efficacy-toxicity ratio. It should probably not be given to NET G3 patients as first-line treatment [19] . Prospective larger first-and second-line chemotherapy studies are highly needed for both GEP NEC and NET G3.
First-Line Chemotherapy
Results from 3 recent large retrospective studies show that first-line treatment with cisplatin/carboplatin and etoposide results in a response rate of 30-50%, a PFS of 4-6 months, and a median survival of 11-16 months [5, 7, 11] . In the Nordic study, no differences in outcomes were seen when comparing patients given cisplatin-based treatment versus carboplatin-based treatment [11] . This study included both NEC and NET G3 neoplasms, and neoplasms with Ki-67 < 55% were much less responsive to platinum-based chemotherapy but had a significantly longer survival. In a Japanese study on 258 patients with poorly differentiated GEP NEC, the response rate and survival were numerically better for irinotecan/etoposide treatment compared to cisplatin/etoposide but treatment regimen was not an independent predictive factor for survival [12] . A Japanese phase III study comparing irinotecan/etoposide to cisplatin/etoposide in patients with NEN G3 is currently recruiting. A US intergroup is running a randomized phase II trial of cisplatin/etoposide versus CAPTEM chemotherapy as first-line treatment for GEP NEC with a non-small cell histology (NCT02595424), but inclusion has been slow. Another US phase II study is giving FOLFIRINOX to GEP NEC patients in all lines (NTC03042780). A Nordic phase II study using temozolomide and everolimus as first-line treatment in patients with metastatic NEN G3 with Ki-67 21-55% has almost completed recruitment (NCT02248012). An Australian randomized trial is planned to compare platinumetoposide versus nab-paclitaxel-carboplatin in highgrade NEN (AGITG).
The optimal first-line palliative treatment for patients with metastatic NET G3 is unclear [19] . Several recent retrospective studies suggest relatively low response rates to platinum/etoposide regimens in patients with NET G3 [5, 18, 36] . It has been suggested that these patients may benefit from medical treatments used in NET G2, but prospective data are lacking.
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Second-Line Chemotherapy After first-line treatment, no further standard therapy has been established for GEP NEC and no studies have compared chemotherapy versus best supportive care. Patients who progress for more than 3 months after discontinuation of first-line platinum-based treatment may still be platinum sensitive [11] . Several small retrospective studies suggest that GEP NEC patients can benefit from further lines of chemotherapy after failure of platinum/ etoposide treatment [25] [26] [27] 54] . Temozolomide-based chemotherapy resulted in a 33% response rate and a PFS of 6 months, and the most benefit seems to be for patients with a Ki-67 < 60% [25] . Irinotecan-and oxaliplatin-based chemotherapy may be beneficial as second-line treatments with response rates of 16-31% and a PFS of 2.3-6.2 months [27, 54] . A recent retrospective study with FOLFIRI or FOLFOX resulted in a very short median PFS (< 3 months) and OS (< 6 months) [7] . Patients with a Ki-67 in the lower range (< 50-60%) seem to do better in many of these retrospective small second-line studies. The French PRODIGE 41-BEVANEC phase II study will assess the efficacy of bevacizumab in combination with FOLFIRI as second-line palliative treatment of GEP NEC after failure of platinum-based first-line therapy (NCT02820857). The randomized phase II NET-02 UK study will start in 2018, randomizing between nanoliposomal irinotecan and 5-FU/folinic acid or docetaxel as second-line therapy in patients with poorly differentiated extrapulmonary NEC.
Other Treatment Options Everolimus
The mTOR pathway is upregulated in 70-80% of NEC and the mTOR inhibitor everolimus was shown to be effective in a preclinical GEP NEC model [55] [56] [57] . An ongoing German multicenter study (EVINEC) is using everolimus as a second-line treatment for NEN G3 (NCT02113800).Everolimus was given to 15 patients with pancreatic NET G3 with Ki-67 ≤55%, mainly after first-line treatment; the results were promising, with a median PFS of 6 months and an OS of 28 months after the start of everolimus treatment [58] .
Peptide Receptor Radionucleotide Therapy PRRT is regularly used for G1-G2 NET with a high uptake on SRI. The benefit of PRRT in patients with a higher proliferation rate is unknown. Preliminary studies have shown effectiveness in patients with aggressivegrade neoplasms with an 18 FDG-avid and concordant SSTR expressing phenotype [59] . A single-center retrospective study reported the use of PRRT in 17 high-grade neuroendocrine cases with a median PFS of 12 months [60] . A recent retrospective study of 29 patients treated with PRRT showed very promising response and survival data with an acceptable toxicity profile especially for the patients in the Ki-67 ≤55% subgroup, the majority of whom had failed prior chemotherapy [39] . The outcome appears to be superior to those of other previously reported treatment modalities, with an overall median PFS of 9 months and a median OS of 21 months. Importantly, the median OS for patients with a Ki-67 ≤55% was 41 months and only 7 months if the Ki-67 was > 55%. Hence, PRRT is potentially a therapeutic option for patients with Ki-67 ≤55% or NET G3 with a high uptake on SRI. An Australian led multicenter randomized phase II study is under development to examine the benefit of PRRT in patients with GEP NEC or NET G3.
Immunotherapy
Immunotherapy with programmed cell death-1 protein (PD-1) checkpoint inhibitors has shown great promise in widely different cancers. Recently, phase II data with the PD-1 inhibitor pembrolizumab showed a 56% objective response rate in neuroendocrine cancinoma of the skin, i.e., Merkel cell carcinoma [61] . A benefit in metastatic Merkel cell carcinoma was also seen for another anti-PD-L1 antibody, i.e., avelumab [62] . As GEP NEC has a high mutational burden, immunotherapy could be of value for many NEC patients [20, [63] [64] [65] . Several immunotherapy trials are ongoing in G3 patients. A trial with PDR001 (an anti-PD1 monoclonal antibody) has finished accrual with GEP NEC as one of 4 cohorts in the study (NCT02955069). The DUNE trial from GETNE exploring the combination of durvalumab (PDL1 monoclonal antibody) and tremelimumab (CTL4 monoclonal antibody) is currently ongoing with a G3 cohort (EudraCT 2016-002858-20) . A phase II trial exploring pembrolizumab monotherapy and pembrolizumab combined with either irinotecan or paclitaxel in previously treated high-grade extrapulmonary NEC has started in the USA (NTC03136055).
Biomarkers
Potential biomarkers embrace a spectrum of genes, mRNA, microRNA, single-nucleotide polymorphisms, proteins, and metabolites being associated with cancer and having a role in detection (screening and diagnosis) and management (prognosis, treatment response, and Neuroendocrinology 2019;108:54-62 DOI: 10.1159/000493318 monitoring). It is obvious that the reliable identification of new biomarkers constitutes a critical step in personalizing the treatment of patients with NEN G3. The role of serum markers such as chromogranin A and NSE in GEP NEC is not well established, although chromogranin A is elevated in many patients and may be a good prognostic marker [5, 7, 11] . Few data exist on genetic molecular tissue markers regarding the prognosis and predictive treatment benefit in NEC [24, 66] , but next-generation sequencing data are expected to emerge rapidly. Initial molecular NEC studies reported similar genomic abnormalities with an adenocarcinoma, but that it also contains additional mutations [24, 64, 67] . The mutational signature in NEC seems to be specific to their primary location and similar to the adenocarcinoma of the same site, rather than having a common neuroendocrine signature [64, [67] [68] [69] . Achaete-scute homolog 1, KRAS, TP53, and RB1 alterations seem to be markers of poor differentiation and may help to differentiate NEC from NET G3 [23, 36, 38, 70, 71] . Rb loss may predict the response to platinumbased chemotherapy in pancreatic NEC patients [36] . One large NEC molecular gene profile study including 274 GEP NEC presented initial results showing that the GEP NEC group had a lower rate of TP53 and alteration RB1 than small-cell lung cancer and other genes were more frequently altered [72] . PD-L1 protein expression on tumor cells is currently the best predictive biomarker for the benefit of immunotherapy, and expression of PD-L1 in NEN seem to be significantly associated with NEN G3 [73, 74] . Microsatellite instability (MSI) is a hypermutable phenotype caused by the loss of DNA mismatch repair activity where immunotherapy seems to work especially well and colorectal NEC frequently have MSI-H [20, 64, 65] . Growing evidence supports a tumor suppressor role for Notch-1 signaling in NEC [24, 75, 76] . Deltalike protein 3 (DLL3) inhibits Notch receptor activation and has been identified as a novel putative therapeutic target in NEC including small-cell lung cancer, where it is expressed in more than 80% of patients. Rovalpituzumab tesirine is an antibody drug against DLL3 and has recently shown encouraging single-agent antitumor activity in small-cell lung cancer or large-cell NEN [76] . MicroRNA are small noncoding RNA with important functions in modulating gene expression and they have significant roles in cancer development, growth and metastasis, inflammation, fibrosis, and angiogenesis. Recently, a high focus on liquid biomarkers to select patients who will benefit from different types of treatments has emerged [77] . The available literature data clearly show that tissue miRNA profiling may potentially represent a prognostic biomarker in NEN [78] . However, the role of circulating miRNA in these settings is far from being consolidated and very little is known about the role of microRNA in tissue and blood in patients with GEP NEC. Studies prospectively evaluating circulating miRNA in different NEN types (and stages) and their levels after the different available therapeutic approaches are still lacking.
Future Developments
Emerging data has further shown that the NEN G3 group is quite heterogeneous where prognosis and probably treatment will in the future depend on subgroup characteristics such as differentiation, proliferation rate, and molecular profile including SRI uptake and primary location. We recommend using NEC, NET G3, and MINEN or uncertain G3 as a classification for all highgrade NEN as well as specifications of TNM, Ki-67, and primary location. Prospective clinical trials as well as cancer registries will allow the development of more sophisticated grading classifications and provide clinicians with better prognostic and predictive tools for selection of treatment. A systematic expert pathological review will be critical to avoid misinterpretation of new study results and to better understand the place of new therapeutic options within the new subgroups of NEN G3. Introduction of the concept of molecular classification as an adjunct to pathology will evolve.
The major unmet needs as we see them are: adequate diagnosis by a systematic expert pathologist review and a shared definition of NEN G3 based on differentiation and grade, and prospective data from good-quality registries providing information on incidence and treatment based on updated pathology and modern radiology. The heterogeneity of the NEN G3 group illustrated by the new NET G3 category needs to be better explored. Biomarkers for prognosis and treatment have to be developed and analysis of genetic molecular markers will be important. Newer treatment options must be explored in the heterogeneous NEN G3 group, and we need to define possible subgroups with regard to the optimal therapy. Prospective treatment studies using drugs other than platinum/ etoposide chemotherapy or newer personalized options are ongoing or under development. Active translational research as a part of all clinical studies should be established with collection of tumor tissue specimens including liquid biopsy to look for new therapeutic targets in GEP NEC and NET G3.
